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ELECTRO-OPTICAL DEVICE AND METHOD 70R DXIVING THE 9AMS 

j^nxr,RnUND flr TT™ tkvbntioM 
1. ?iold of the Invention 

The present invention relate, to an electro-optical device, 



e.g. to an .otive liquid crystal electro-optical device, in 
particular, to a device provided with two complementary thin film 
insulated gate f ioid effect transistors (hereinafter referred to 
a« C/T7TS) having a structure cf modified transfer gate mtg) . 

Also, the present invention relates to a method for driving 
an active electro-optical device, in particular, to a method for 
driving an . active eleotro-optical device with clear gradation 
loval in a digital mode. 
2. Description of the Prior Art 

An active liquid crystal electro-optical device utilizing 
xrr is conventionally know, in this device, an amorphous or 
polyeryetalline semiconductor is used for TFT, while either one 
of conductive type alone is used for each picture element 
thereof. Namely, an N-channei Tl"r< referred to *e NTFT) - is 
generally linked to the picture element in series. 

Since the dielectric constant in a direction parallel to a 
molecular axis or the liquid crystal composition provided between 
substrates is different from that in a direction perpendicular 
thereto due to the material property thereof, arrans«mant of the 
composition can easily he made in both directions, horizontally, 
or vertically, to the outside electric field. By utilizing the 
anisotropy of dielectric constant, the amount of tranamitted 
light or of dispersion thereof is controlled in a liquid crystal 
electro-optical device, so as to perform ON/OT? display. 

yig.3 shows an electro-optic property of nematio liquid 
crystal, wnen the applied voltage la small, wnicn is Indicated by 



v* er a point A. the amount of transmixtea: light is approximat ly 
OX. and at Vb r point B. it Is approximately 20%. while at Vc or 
point C. it is approximate 70*. and at Vd or point D» it 
counts to approximately loox. Therefore, when the points A and D 
alone are used. two-graded display in black-and-white is 
possible, while, when the points B. C. or the pointa where 
electro-optical property < transnittanoe) rises in ?i S .2\ »re 
used, ths display of intermediate gradation is possible. 

As for tne conventional electro-optical device utilizing 
T?TS. gradation display was performed By varying the voltage 
applied to a gat. of the T3TT or that applied between source and 
drain thereof, and controlling the voltage in an analogue mode. 

concerning the conventional method of gradation display in 
the electro-optical device utilizing TPT, an explanation ~ill be 
made; an N-channel thin film transistor used for the convention*! 
electro-optical device has voltaga-current characterise as 

shown in Pig- 3. which shows the voltage-current characteristic of 
the N-caannel thin film transistor utilizing amorphous silicon, 
and of that utilizing poly-silicon. 

By aontrclling the voltage applied to a gate electrode of 
the "thin film transistor having such characteristic in an 
analogue mode, drain current can be controlled and therefore 
strength of the electric field to be applied to the. liquid 
crystal can be varied, whereby gradation display is possible. 

in the case of an electro-optical device having picture 
elements of, for example. 640 x 400 dots, however, it is 
difficult to manufacture all 239, COO T?Ts without variation in 
characteristics thereof. It is tbsughc that IS gradation levels 
are limit of th* number of gradation levels of such electro- 
optical device having **° * 430 Picture elements in crder to 
achieve productivity and yield required for practical process.^ 

A sradation display may be performed by predetermining the 
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value of gate voltag , while controlling only the tuminE or 
ON/OF? by gate voltag , and by variably controlling sour or 
drain voltage. In this caso, however, ab ut 18 gradation levels 

axe considered to be a limit, based n the fact that tke 
characteristic are unstable. In an analogue mode of the gradation 
display control, clear display was difficult due to variation in 
characteristics of TFT. 

Another method of gradation display using multiple frames is 
suggested. As shown in the outline indicated in Fig. 11, when a 
gradation display is to be performed using, for example 10 
frames, by making two frames out of ten transparent, while the 
remainder of eight rrames nontransparent, average 20% of 
transparency can be displayed at picture element A. A picture 
element 3 displays 70X of transparency on an average in the same 
manner, while a picture element C 50X of transparency on an 
average. 

When such a display is carried out, however, since the 
number of frame is practically reduced thereby, flickering ana 
aisplay failure were generated. To solve the problem, the 
increasing of fraae frequency, or tho liko, is suggested, 
whereas, the Increase in power to be consumed in accordance with 
the increase in driving frequenoy, as veil as the difficulty in 
th* achievement of higher operation speed IC, indicated a limit 
cf this method, 

BRIEF SUMMARY OF T HE INVENTION? 

An object of tha present invention ia to provide a method of 
compensating the variation in characteristics of TFT by inputting 
a reference signal repeated in a certain cycle and having signal 
level which varies during duration cf the reference signal, from 
a controller side, in order to clarify the level of applied 
voltage, and by controlling the time of connecting the reference 
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signal t the TFT by digital value, and thereby controlling the 
voltage to ba applied to the TFT, namely, to offer an alactro- 
opuical device by using complementary thin film transistor* 
(C/TFTs) having a structure of modified transfer gate (MTG) that 
performs digital gradation display. 

The method is cnaraeterised in displaying gradation in an 
electro-optical device using a display drive method that has a 
display tiraing in relation to a time ? for writing one picture 
plane and a time (tV.for writing in one picture plane, without 
changing the time P, by applying a reference signal that has 
voltage variation in a cycle that is eaual to the time (t) to one 
of the signal lines that are used for drive and selection of a 
picture element, as well as a selection signal at a certain 
tiding within the time <t) f to the other signal line, thereby 
determining the voltage to be applied to a liquid crystal, and 
thereby actually applying the voltage to the picture element ♦ 

In addition, the method is also characterized in high speed 
control without being limited by several tens of MHa that was a 
limit of data transfer speed for a conventional CMOS, since the 
timing is not dependent upon the transfer of the data, -but" is 
processed at a part for signal process, with a high speed clocK 
being added to a driver IC itself tr.at is put on the electro- 
optical device. 

Fig. 1 shows a concrete drive waveform for driving the 
electro-optical device in accordance with the present invention. 
The electro-optical device has a circuit configuration equivalent 
to a circuit diagram having a 2 x 2 matrix form ahowr. in Fig- 4. 
Herein used is a half wave of a sine wave, as the reference 
signal waveform cf varied voltage in a certain pericd of time as 
described supra. Sine waves 309, 310 are applied to V DD1 303, 
v DD2 3C4 tnat * al1 ln a direction or a scanning line, while two- 
polarity (hereinafter referred to as bipolar) signals are applied 
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x v aal aoi f v QG2 302 that fall in a direction of information lin • 
Digital control ia carried out by a tiaia* of applying the 
bipolar signals. 

Namely i the amount of oharge to be accumulated at the point 
A as woll as electric potential at the point A are determined by 
changing the timing for selecting the signal of varied voltage in 
a oortain period of time, as shown in 309 ana 310, and zne size 
of the electric field to be applied to the picture element as 
well as to the liquid oryctal is determined by defining a certain 
value for the electric potential 313 of a counter electrode. 

The timing of applying the bipolar signal to gate signal 
lines such as v Q31l V GG2 is not determined by the transfer speed 
of the information signal, but is regulated by the referenoe 
clock input to the driver IC that is directly connected to the 
electro-optical device in the present invention. Kam'ely, in the 
case of an eiectro-cptical device of B4Q x 400 dots, drive 
frequency is approximately 2CMHz baaed on the limitation of CMOS, 
and, in order to calculate the number of gradation levels by 
utilizing this value, the drive frequency is to be indicated 
as a product of the number of scanning lines, the number of 
frames, the bipolar pulse, and the number of gradation levels, 
from which 2CMHs is divided by (400 x 60 X 3), to obtain the 
number of gradation levels which is 416, and It is needless to 
ffay that a display * having 632 gradation levels ia possible by 
dividing the display eoreen into two. 

The present invention is characterised in performing 
gradation display in a digital method, instead of employing the 
conventional analogue method of gradation display. To obtain the 
effect, in the case of an electro-optical device having picture 
elements of 640 x 400 dots, It Is very difficult to eliminate 
the variation in characteristics for all the TFTb cf 566,000, at 
the time of manufacturing, and, practically, in consideration of 
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mass production and yield, 16 gradation display ia supposed to 
bo a limit, whereas, the method of compensating the variation in 
characterl sties of TFTs is employ d in the present inv ntion by 
inputting a reference signal from a controller side, in order to 
clarify the level of applied voltage, and by controlling the 
timing of connecting the reference signal to TTT by digital 
value, and thus controlling the voltage to be applied to TFT, 
which allows for clear digital gradation display. 

Also, clear digital gradation display is possible without 
changing the number of frames for one picture plane, by defining 
two kinds of drive frequency, whereby the generation of 
flickering concomitant with- the decrease in the number of frames 
can be prevented. 

For example, when a gradation display is performed in a 
normal analogue ncde for an electro-optical doviee, for which 
256,000 pairs of TITs of 640 x 400 dots are formed in 300nra 
square, a 18-gradation display is an upper limit due to the 
variation in t?t characteristics of approximately ±lox. in the 
case cf digital gradation display in accordance with the present 
Invention, however, since the variation in characteristics of TTT 
devices can be compensated, a aoe-sradation display is possible, 
and a various and subtle color display of as many as 18 , 777, 216 
jcinds of colors are possible thereby. When a software such as a 
television image is to be projected on the" eoraen, for example, 
the projection of a ' , rocl: M scene of the same color requires 
subtle difference in colors due to the existence of slight 
recesses and the like thereon, and the 15-gradation display is 
not suitable for the display as close zo the natural coloration 
ion as possible. Hcwever, the subtle variation in tcna can. be 
displayed by the gradation display in accordance with the present 
invention. 
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aaigy DES^ rr-mM n» rwy MAWING5 

The accompanying drawings, which aro inoorporat d in and 
form a part of the invention and together with tha description, 
serve to explain the principle f the invention* 

Pig. l ahows an example of a drive waveform in accordance 
with the present invention. 

Fig. 2 shows an electric photo-optical characteristic or the 
conventional electro-optical device. 

Fig. 3 showa a current-voltaga characteristic of T7T in the 
case poly-silicon ana amorphous silicon are adopted as materials 
used for the TFT. 

Fig. 4 shows an example or a circuit of an active matrix 
electro-optical device applicable to the present inventions 
subject to a part of 2 x 2 matrix structure. 

Fig. 5 shows an example of a circuit of an active matrix, 
electro-optical device applicable to the present invention, 
subject to a part of 2 x 2 matrix structure. 

Fig. 6 corresponding to Fig. 5 shows the arrangement of an 
active matrix electro-optical device applicable to the present 
invention. 

Figs. 7(A). to (I) corresponding to the first preferred 
embodiment, show schematic cross sectional views indicating the 
manufacturing proooes of the TFT applicable to the present 
invention. 

Fig. 8 and Fig. 9 show schematic structure of the display 
device applicable to the elecxro-opticai device described in the 
present invention. 

Tig. 10 shows a system structure of a drive circuit for an 
electro-optical device applicable to the present invention. 

Fig.li shows a concept of gradation display in accordance 
with the conventional method. 

Fig. 12 shows the manufacturing process of forming a color 



niter on the substrate of the electr - ptical devio . 

Fig. 13 crro«p ndinx to tne third preferr d embodiment, 
snows the arrangement of an active matrix alectro-optloal device 
applioablo to the present Invention. 

Fies. 14(A) to (G) corresponding to the second preferred 
embodiment, show schematic cross sectional views indicating the 
manufacturing process of tne T7T applicable to the preeent 
invention. 

yig.15 shows an example of a drive waveform in accordance 

with the present invention. 

7ig. 18 shows an example at application I the electro-optical 
device" in accordance with the present invention, to a view 
finder. 

Jig. 17 shows an example of the electro-optical device in 
accordance with the present invention, of a front type projection 
television. 

5ig. IB shows a schematio Btruotura of the electro-optical 
device in accordance with the present invention. 

Fig. 19 shows a system structure of ft drive circuit of the 
electro-optical device applicable to the present invention. 

Fig. 20 shows an example of the application of the electro- 
optical device in aooordance with the present invention, to a 

personal computer. 

Fig. 21 corresponding to the third -preferred embodiment, 
shows' the arrangement of tne active matrix electro-optical device 
applicable to the present invention. 

Pigs. 22 (A) to (Q) corresponding to the third pref erred 
embodiment, show schematic cross sectional views indicating the 
manufacturing process of the TFT applicable to the present 
invention. 

Fig. 23 is a circuit diagram showing an equivalent circuit in 
accordance with the present invention. 
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^gT^TT.pn pgc j^TtyrTnM fflr tut P3ETT,RflKT) EMBOPIMgNIS 

Preferred Embodiment 1 

in taie embodiment, a wall television ia manufactured by 
using the liquid crystal display devise having the circuit 
structure as shown in Fig- 5, wnieh will be described infra. The 
manufacturing process of the TIT employed as an active device of 
the electro-optical device is shewn in Figs. 7 (A) through (I). 
Polycrystallina silicon that is subjected to laser annealing 
process is used as a semiconductor material that forms the TFT. 

The arrangement of tne electrode, etc. of the actual 
electro-optical device corresponding to the circuit structure is 
shown in Tig.e, which shows only a part corresponding to 2 x a or 
less thereof for simplification. The drive signal waveform that 
is actually used therefor is shown In Fig.l. which also shows the 
signal waveform of 2 x 2 matrix form for simplification. 

Referring to Pig. 7, the manufacture of the liquid crystal 
panel used in accordance with the preferred embodiment 1 *ill be 
described. Referring to Fig.7<A), a silicon oxide film is 
manufactured to a thickness of 1000-3000 angstroms as a blocking 
layer 51, by magnetron RF (high frequenoy) sputtering, on the 
glass 60, which is not expensive, and which endure the heat 
treatment cr not more than 700 'C, e.g. of approximately 600 "C. 
under the prcoeas condition of oxygen lOOX atmosphere . deposition 
cemperatura of 15 'C. output of 400 to 800W, and the pressure of 
O.OFa. The deposition rate was SO to 100 anfistroms/mihute when 
quartz or single crystalline silicon was used a3 a target. 

An intrinsic. or substantially intrinsic silicon 
film 52 was manufactured oy plasma cvd thereupon. The deposition 
temperature ranged fro. asc'C to 360 'C. and it was 320 "c in 
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the preferred emBodiment i, using nono-silane <3iH 4 ) aa a 
reactiv. gas, which ©an fa« repl a d with disllane <Si 2 H e ) or 
triailana (Si 3 H 8 ) . Thasa wsre introduced in a PCVD devic , and 
deposition was curried out by applying high frequency power of 
13.5SMHa under the proesurs of 3?a. The suitable high frequency 
power is 0.02 to 0.10W/cm 2 , while 0.055W/em 2 was adopted in the 
preferred ©mbodiment 1. The flow of nono-silane (SiH 4 ) was 
20SCCM. and the deposition rate at the time vas approximately 
120 angstroms/minute. Boron can be added to the deposited film at 
a concentration pf 1 x 10 15 to 1 x 10 1B c»- 3 using diborane 
during the deposition, in order to oontrol the threshold voltage 
(Vtn) almost equal between PTFT and NTTT. Sputtering or low 
pressure CVD can be employed instead of the plasma CVD for the 
deposition of the silicon layer that will t>e a channel region of 
TFT. and the methods will be described below in simplified 
manner . 

In the case of sputtering, the back pressure before 
sputtering was no more than 1 x 10" B Pa, and the sputtering was 
performed using a 3ingie crystalline silicon as a target, in .the 
atmosphere in whioh 20-B0?X of hydrogen vas added to argon: e.g. 
20X of argon ana box at hydrogen_ The deposition temperature was 
130'C. and the frequency wes 13.56MH2, while the sputtering 
output was 400-aoow, and the pressure was o.5Pa. in the case of 
low pressure CVD, deposition was carried out by supplying 
disilane (Si 2 H e > ©*" trisilane (Si a H a ) tc a CVD device, at a 
tenperatuTB of 450-5 50 *C. 100 to 200* C lower than that for 
crystallization, e.g. at 530 The pressure inslds of the 

reactor vas 30-30CPa, while the deposition rate was 50-250 

angstronis/minute . 

Oxygen, in the film formed in these manner is preferably not 
mere than 5 x 10 21 atoms- cm' 3 . It is preferred that the 
oxygon concentration be not mora than 7 x 10 19 atoms • cm"" 3 . 
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desirably no more than 1 x 10 18 atoras-cnT 3 , in order to promote 
crystallization, honker, if it is too low, curr at leakage under 
the OFF condition of TFT is increased duo to the Illumination of 
the naelc light or the electro-optical device, whereas, if it is 
too high, crystallisation becomes diffioult, and thua laser 
annealing temperature musx be increased or the laser annealing 
time must be prolonged. The concentration of hydrogen wai 4 x 
lC 20 atonxs»cm" 3 f and is one atcmX compared to the silicon supposed 
to be 4 x io 22 atoms»cnf 3 . 

The oxygen concentration can be not more than 7 x 
lO 10 atoms«cm~ 3 or desirably nc more than 1 x 10 19 atoms •cm^ 3 , so 
as to promote crystallization with regard to source or drain and 
oxygen can be added only to the channel forming region of the TFT 
that forms pixel, at concentrations of B x 10 30 to 5 x 
lO 31 atoms* cm" 3 by ion implantation, 

A silicon film an amorphous condition was formed at 500 to 
6000 angstroms in the above-mentioned manner, and at 1000 
angstroms in the preferred embodiment 1. 

Referring to Fig. 7 (B), a photoresist pattern 33 is ronned 
with openings formed only on the source and drain regions in the 
photoresist pattern using a maslt PI. A silicon rilm 54 was 
manufactured thereon, which is to be an n-type activation layer, 
by plasma CVD, at the deposition temperature of 250*C to 35Q*C, 
e, g. 320 *C in the preferred embodiment -1, using mono-silane 
CSIH^) and Z% ' concentration of phoaphine <PH 3 ) of mono-silano 
base. These vers introduced in the FCVD device at a pressure of 
5?a, and the deposition was carried out by applying a high 
frequency power of 13.56MHz. The suitable high frequency power is 
0.03-0."2CW/cm 2 , and it was 0.120W/cm 2 in the preferred embodiment 
1. 

The electric conductivity cf the n-type silicon layer formed 
in the above-mentioned manner was approximately 2 x 1C~* C (Q • cm) ~ 



while tha film thickness vai 50 an«itroa8. Th resist 03 waa 
then remoY d by lift-off method, bo aa t form aource , drain 
regions 55, 56. 

A p-typa silicon semiconductor layer vaa formed using the 
same process, Mono-silane (SiH 4 ) and 5X concentration of 
diboraneCBgHg) or mono-silane base were used as the introduction 
gas. These vera introduced in the PCVD devioe at a pressure of 
4Pa, and deposition was carried out: by app lying a high frequency 
power of 13.30MKZ. The suitable high frequency power is O.OB to 

0. 50W/om 2 , and 0,120W/cm a was adopted in the prererred embodiment 

1. The electric conductivity of the p-type silicon layer formed 
in this manner was approximately 5 x 10" 2 C (O'cra)" 1 ] » while tHe 
film thickness was 50 angstroms. Source, drain regions 59, 80, 
were formed by using the lift-off method in the same manner as 
the n-type region. The silicon film 32 was then etched off, using 
a mask F3, and an island region 53 for N-channol thin film 
transistor as well as an island region fl* ror P channel thin rilm 
transistor were formed. 

The source, drain and channel regions were laser-annealed 
using XeCl exoimer laser, while a laser doping was carried out to 
ttie activation layer* As for the laser energy at the time, a 
threshold energy was 130mJ/ca 2 , whereas 220mJ/cra 2 was required 
so as to melt the entire film thickness. When the energy of no 
less than 22QmJ/cm 8 is irradiated from the start, hydrogen 
included in the film is abruptly ejected, whereby the film is 
damaged. For that reason, melting haa to be carried out after the 
hydrogen is primarily purged at a low energy* In the preferred 
embodiment 1- after the hydrogen was at first purged at 
ISOmJ/cm 2 , orystallization was carried cut at 23CmJ/cm . . 

By the annealing, the silicon film is transformed from an 
amorphous structure to the state of higher order, with a part 
thereof being crystallized. In particular, a relatively higher 
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order r gion of th silie n coated film tends to be crystallixed 
into a crystalline region by th annealing. However, aili oa 
at ma are pulled vith ach other since bonds aro formed between 
sucH regions toy silicon atoms existing therebetween. Laser Raman 
Spectroscopy results ehsw a peak shifted to the frequency 
lower than the single crystalline silicon peaX of S22cm" A . The 
apparent grain diameter was calculated 50 to 500A, based on a 
half band width, however, In fact s the film comprises a lot of 
high crystalline- regions which constitute a cluster structure, 
and clusters are anchored to each other in the film by bonds 

between silicon atoms. 

As a roeult, it can ba said that substantially no grain 
boundary (hereinafter referred to as GB) exists in the film. 
Since carriers can easily novo botvesn tha respective clusters, 
through the anchored portions, a carrier mobility higher than 
that of a poly-crystalline silicon in which a GB obviously 
exists, is achieved. Namely % Hall mobility <ph) of 10- 
£00cm 2 /Vsec, electron mobility (lih) of 16-300cin 2 /VSsc can be 
obtained. 

A silicon cxide film was formed as a gate insulating film 
thereon in the thickness ranging from 500 to 20QOA, e.g., at 
lOOOA, under the same condition as that for the manufacturing of 
the silicon oxide film as a blocking layer. At tbo time of 
forming the film, a small amount of fluorine may be added 
thereto, so as to stabilize sodium ion. 

Further, on the upper surface thereof, a silicon film doped 
wixh phosphorus at 1 to 5 x I0 21 atoms * cm" 3 , or a mult i-layered 
film comprising this silicon film and molybdenum (Mo) , tungsten 
CW) f MOSig or W5i 2 film formed thereupon, was formed, which was 
then subjected to a patterning process using a fourth photomask 
?4, and the structure shown in Fig. 7(E) was thereby obtained. A 
gate electrode 66 for NTFT : as vail as a gate electrode S7 for 
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PT7T were rormad: e.g. a channel length of 7yim; and as a gat 
electrode P-doped Si f O.^im on which molybdenum vti rormad at 
0 . 3pjn. 

In the case aluminum {Al) i« used as a gate electrode 
material, after patterning the sate electrode material by a 
fourth photomask 69 , anodic oxidation can ^ be app lied to the 
surface thereof. in this case, a salt-aligning process can be 
employed, -whereby the contact hole of a source and drain can bo 
formed closer to the g&te, and tne TJT characteristic can be 
further improved thereby, due to the improved mobility ea well aa 
the reduotion in threshold voltage. 

In this way. C/TFT can be manufactured without elevating the 
temperature not lees than 400*C, in every process. Therefore* it 
is not necessary to use an expensive material such as quartz for 
the substrate, and it can be said that this is a most suitable 
process ror manufacturing the wide-screen liquid crystal display 
device in accordance with the present invention . 

Referring to Fig-T(F), an inter-laysr insulating material 68 
was sputtered, so as to form a silicon oxide film, in the manner 
described supra. The silicon oxide film can be formed by LPCVD, 
pboto-GVD, or by azmospheric pressure CVD. at a thickness cf , for 
example, 0.2 tc O.epLm, and thereafter, an opening ^79 for 
electrode was formed using a fifth : photomask :P6 • In addition, 
after . aluminum was formed by sputtering at- a thickness of 0.3jun 
thereupon, while a lead 74 as well as contacts 73, 73 were 
manufactured using a sixth photomask PS, an organic r as in 77 for 
flattening, for example, a Translucent pciyimide resin was 
applied to and farmed on the surface, and an opening for 
electrode was formed again by a seveatn photomask P7. An ITO 
(indium tin oxide) was formed cn the surface thereof, at a 
thickness of 0.1pm by sputtering, and a picture element electrode 
71 was formed usine an eighth photomask P3 . The ITO was formed at 
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a temperature ranging from room temp ratura t 150 *C, and was 
subjected t annealing process at 200-400 *C in oxygen or 
atmosphere. 

The alectric character i?tics ot P-TTT thus obtained were: 
mobility Of 40(cm 2 /Vsec), Vth of -S.3(V>, while these of NTFT 
were/, mobility of 80(cm a /V»ec) , and vth cf 5.0(V). 

in this manner, one substrate for the electro-cptioa.1 device 
manufactured in accordance with the present invention, was 
obtained. 

The wirings of the electrode, etc, of the liquid crystal 
display device are shown in Fig. .5. An N-channel thin film 
transistor and a F-channel thin film transistor are provided on 
the intersection of a first signal line 3 and a second signal 
line 4, whereby the device has a matrix structure with the use of 
a modified TG typo C/TFT. TFT 13 i connected to the second signal 
line 4 through a contact of an input terminal of a drain 10, 
while a gate 0 is connected tc tfce rirst signal line 3» The 
output terminal of a source 12 is connected to an electrode 17 of 
the picture element through a oontaot. 

On the other hand, regarding PT?T 22, the input terminal of 
a drain 20 is connected to the second signal line 4 through a 
contact, while a gate 21 is connected to the signal line 3, and 
the output terminal of a source IS, to the picture element 
electrode 17 through a contact, in the same manner as NTFT. By 
repeating such a structure horizontally and vertically, the 
liquid crystal display device having picture elements as many as 
540 X 480, 1230 x 950. or 1920 x 400 in this embodiment, oan be 
obtained . 

In this way, a first substrate of a pair of substrates was 
obtained. 

The manufacturing method of the other, or a second substrate 
is shewn in Fig. 'IS. A striped color filter is provided on the 
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eubatrete aorrespondin« to ach picture •lament. The p iyioide " 
resin mixed with black pigment was formed on a glass substrate at 7 ; 
a thickness of Ijud, by spin coating, and a blac* stripe ei was 

formed using a ninth photomask F9. Then, th polyimide r ein 
mixed with a red pigment was formed at lpm by spin-coating, and a 
red. r liter S3 was formed using a tenth photomask PIO. A green 
filter 85 and a blue filter 86 wore formed in the same manner, 
using masics Pll f P12. Each filter was baked in nitrogen for sixty 
minutes, at a temperature of 350 *C during the manufacture 
thereof, A loveling layer B9 was then manufactured using 
transparent polyimide. again by spin coating. 

An ITO (indium -tin oxide) was then formed on the entire 
filter at a thiefcness of O.liim by sputtering, and a oommon 
electrode 90 vae formed using a fifth pfcotomask P13. The ITO was 
formed at a temperature ranging from room temperature to 150 # C, 
and was subjected to the annealing process at soo toaoo *C in 
oxygen or atmosphere, so as to obtain a color filter layer and 
the electrode 90 on the second substrate. 

A polyimide precursor was printed on the substrate by an 
offset method, was baked in a non-oxidating atmosphere, e.g. in 
nitrogen, for an hour, at a temperature of 3S0 # C, and was 
subjected to a known rubbing method, whereby the surfaoo 
condition of the polyimide was ohanged, and a means to allow for 
a liquid crystal molecule to be oriented in a certain direction 
at least in the initial stage was provided . 

The nematic liQUia crystal composition was sandwiched by the 
first and the seoond substrates as described above. The 
periphery of the first and the second substrates is fixed .with an 
epoxy adhesive. A TAB shaped driving IC and a FCB comprising 
common signal and electric potential wirings are connected to 
leaas provided on the substrate, and a polarizing plate was 
attached to the outside thereof, sc as to obtain a transmission 
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type electro-optical device. 

A schematic diagram f th lectro- ptical derioe in 
acc rdanoe vith this erabodim nt ia shown in Tigs- ft and 0. The 
liquid crystal panel 220 manufactured in the processes daa ribad 
above was installed toy combining it with a rear part lighting 
device 221 comprising three pieces or cold cathode tubes 
arranged thereon, and was then cormeoted to a tuner 233 for 
receiving television radio wave, so as to complete the electro- 
optical device. Since the device has a flat shape compared with 
the conventional one cf CRT type, it can be installed on the 
vail, and the like. 

Referring to Fig. 10, the driving peripheral circuit or the 
electro-cptical device in accordance with the present invention 
will be explained: 

A driving circuit 352 Is connected to the wirings 330, 351 
on the side of an information - signal, oonnected to the matrix 
circuit of the electro-optical device. The driving circuit 352 
comprises two parts when divided by a driving frequency system, 
i.e. one is a data latch circuit system 353, which is the same as 
in the conventionally known driving method, and which primarily 
comprises a basic clock CLK signal oircuit 355 for transferring 
the signals of a data signal circuit 335 in order, performing one 
hit to twelve hits parallel processing. The other is a part in 
accordance with the present invention, and. .comprises a clock 307 
corresponding to the degree of division necessary for gradation 
display, a flip flop circuit 353, and a counter 360. The counter 
360 forms a bipolar pulse generation timing corresponding to the 
gradation display data sent from the data latch system 333. 
Further, the gradation display data can be controlled in finer 
way, when a BOM table for converting it into sine is used 
between the exit of the latch circuit and a data line 361, 

The present invention is characterized in that the clear 
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digital gradation display is possible without changing the number 
of frames f r re-writing tha eoroon. by taking two Kind* or 
driving frequencies. The generation of flickering and the like 
caused by the decrease in the number of franca oan bo provanted 
thereby. 

On the other hand, a driving circuit 364 oonnestod to signal 
lir.es 363, 36a on a scanning side controls the sine wave 
transmitted from a sine wave oscillating circuit 365 by a flip 
flap circuit 356 of a clocfc CLS 337, and the select signal is 
appliea to the signal lines 3d3, 382. 

By digitally controlling the timing for cutting the sine 
wave signal on the scanning side by the bipolar pulse on the 
information side, gradation display is possible. 

When an analogue gradation display is carried out in a 
normal mode for the electro-optioal device comprising, for 
example, 798,000 pairs of TFTs of 1920 x 400 dots formed into a. 
300mm square, the variation in characteristics of the TFTs 
becomes ±10X aa a whole, and thus a gradation display having 18 
gradation, levels is an upper limit, whereas, when a digital 
gradation display is oarried out in accordance with the present 
invention, it is hardly affected by the variation in 
characteristics cf T*Ts , and a gradation display having 64 
gradation lovols is thus possible for the electro-optical device 
of the same sire, while various and subtle -expression of 262,144 
kinds of colore ic achieved in color display. 

Preferred Embodiment 2 

The formation of a view finder fcr a video camera utilizing 
an electro-optical device havins a diagonal of one inoh in 
accordance with this s-oend preferred embodiment 2 will be 
docoribed below. 

IB 
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In this embodiment, the numb r of picture elements was 387 x 
133, and the device wai formed using a high mobility TFT obtained 
by * low t 3)?aratur procati, so as to form the view finder. The 
arrangement of the active device on the aubetrato of the liquid 
orystal display device used in this embodiment is shown in Fig* 
13, and the manufacturing process of the TFT part is shown in 
Tig. 14 in euoh a way that each corresponds to A-A' cross section 
and B-3' cross section shown in Fig. 13 . deferring to Fig. 14(A), a 
silicon oxide film is manufactured at a thickness of 10CO to 
3000A as a mocking layer 31 by ciagnetron RF(high frequency) 
sputtering, on the inexpensive glass substrate 50 that baars heat 
treatment of no more than 700 - C, e.g. approximately 600 *C. The 
conditions for the process are: 100K oxygen atmosphere, formation 
toraparature of 15 "C, output of 400 to 800W. and pressure was 
G.SFa. The formation rate using quarts or single crystalline 
silicon as a target was 30 to IGOA/min. 

A silicon film was then formed thereon by LPCVD(low pressure 
chemical vapor deposition) , sputtering, or by plasma cvd. When 
the low pressure chemical vapor deposition was employed, film 
formation was carried out by supplying disilaae (Sl 2 H 0 ) or 
trisilajae (5i 3 H e ) to a CVD device, at a temperature of 450 to 550 
•C, 100 to 200 # C lower than the temperature fcr crystallization, 
e.g. at 530 *c. The pressure in a reactor was 30 to 300Pa» 
while the film formation rate was 50 to sSOA/min. Boron may be 
added to the film using diborane at a concentration of 1 x 10 15 
to i x 10 ls atoms-cm" 3 > during the manufacture thereof, in order 
-co control the threshold voltages (Vth) for ftft and NT7T almost 
of the same. 

In the oaee of the silioon film formation by spux/tsring, the 
baeic pressure berore sputtering vrss not more than 1 x lO"" 3 Pa, and 
the formation was carried out in tho atmosphere comprising 20 to 
SOX of hyarcgen mixed with argon; e.g. argon 20X and hydrogen 
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50X, using single crystalline silicon as a targ t. The formation 
temperatur was 150 "C, ana the frequency of liigh frequency pow r 
applied thereto was 13.3flHHz, sputtering utput was 400 to aoow, 
and the pressure via O.BPa. 

Silicon film formation by plasma CVB was carried cut at a 
temperature of, for example, 300 *C, using mono-silane CSiH 4 ) or 
disilane(Si 2 H 0 ) , which were introduced in a ?CVD device, and high 
frequency power of 13.56MHz was applied thereto • so as to carry 
out film formation. 

Oxygen in the film formed by these methods ie preferably not 
mere than 5 x l0 21 enT 3 . if tne oxygen concentration is too high, 
crystallization is hard to coour, and tho temperature of thermal 
annealing has to be elevatea, or else, the time of thermal 
annealing has to be longer. If the concentration ifl too low, tho 
leakage current in an OFF state is increased due to the baci 
lizht. For that reason, the concentration range was defined from 
4 x 10 19 to 4 X 10 ai atoms-cnf 3 . Hydrogen concentration was 4 x 
10 20 atoms*cm~ 3 , or one atom* compared to the silicon of 4 x 
10 22 atoms • cm" 3 . 

After a silicon rilm is amorphous state iras manufactured at 
a thickness of 500 to 5000A, e.g. at 1500 A, in the manner 
described above, middle temperature beat treatment was carried 
out in a non-oxidating atmosphere at a temperature of 4 50 to 700 
'C, for 13 to 70 hours, for example, the film was maintained at a 
temperature of 800 *C in a hydrogen, atmosphere. Since the silicon 
oxide film is amorphous structure is formed on the substrate 
surface under the silicon film, a specific nucleus dees' not exist 
due to the heat treatment, and the entire body Is uniformly 
thermal -annealed. Namely, amorphous structure is retained during 
the manufacture of the film, and hydrogen is simply mixed 
therein. 

The silicon film was transformed from the amorphous 
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structure into the state of higher order. through *h annealing, 
with a part thereof being crystallised. In particular, a 
relatively higher ord r region of the ailicon coated f iln tends 
to be crystallized into a crystalline region by the annealing. 
However, silicon atom are pulled with each other since bonds are 
formed between such regions by silicon atoms existing 
tneretatween. Laser Raman Spectroscopy results show a peak 
shifted to the frequency lower than the single cryBtal silicon 
peaK of 822cm" 1 . The apparent grain : diameter thereof is 
caloulated 50-500A, based on a half band width, seemingly like 
tie case of a micro-crystal, however, aotually, a film in serai- 
amorphous structure was formed including therein high crystalline 
regions constituting a cluster structure, clusters being anchored 
to each other by bonds between silicon atoms. 

AS a result, it can be said that substantially no GB exits 
in the film. Binoe carriers can easily taove between each cluster 
through tne anchored portions, mobility higher than that of 
polycrystalline ailioon in which GB obviously exists, is 
obtained. Namely, Ha.ll mobility (oh) of 10 to 300cm 2 /Veec, 
electron mobility (ue) of 15 to aoocm 2 /Vsec can be obtained. 

When poiycrystallization of the film is carried out by high 
temperature annealing process at 900-1200 -C, instead of the 
above-mentioned middle temperature annealing process, 
segregation ox impurities in the film occurs due to tne solid 
growth from nuoleus, whereby impurities such as oxygen, carbon, 
nitrogen are increased in the OB, and, although the mobility in 
crystal is higher, the movement of carriers is hindered by a 
barrier formed by the GB. Consequently, the mobility no less than 
ic cin 2 /vsec cannot be aehieyed in practice, from that reason, the 
silicon semiconductor having semi -amorphous or. semi-cry3talline 
structure is used in this embodiment. 

Referring to Fig. 14 (A), a silicon film is photo-etched by a 
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first photomasi P14 . and a region 13 (channel widxh of SOpa f r 
NTTT was manufactured on the «id. of the A-A' ross section sh wn 
in-tha figure, while a region 22 for ?T?T on the aid. of B-B» 
cross section. 

A silicon oxide film was formed thereon at a thickness of 
300 to 2000A, e.g. at 1000A, as a gate insulating film. The 
aaaufaoture thereof was carried out under the same conditions for 
tnose applied for the manufacture of the silicon oxide Tilm as a 
blocking layer. A small amount of fluorine may be added during 
tne manufacture thereof, so as to stabilise sodium ion. 

On the upper surface thereof, a silicon film doped with 
phosphorus at 1 to 5 x lC 2I atoras-cm- 3 , or a mult i- layered film 
comprising this silicon film and molybdenum (Mo), tungsten (W) , 
MoSi 2 or WSi 2 film formed thereupon, was formed, which was then 
subjected to a patterning process using a second photomask Plfl. 
and tna structure shown in Fig. 14(B) was thereby obtained. A gate 
electrode 9 for NTFT, as well as a gate electrode 21 for PTFT 
were formed, in this embodiment, as a gate electrode P-doped Si 
cf 0.2um and molybdenum of 0.3um thereon wore formed and channel 
length of the NTFT was lCum and channel length of the PT7T was 
.7usi. deferring to Fig. 14(C), boron was ion-doped at a dose of 1 
to 5 x 10 15 cm~ 2 , to a source 18 and a drain 20 for PTFT. 
Referring to Fig. 14(D). then, a photoresist 61 waa formed using a 
photomaalt Pie. Phosphorus was ion-depe<a at a dose of l to 3 x 
10 15 C3S -a i aa a source 10 and a drain 12 for NTFT . 

in the oase aluminum (Al) is used as a sate electrode 
material, after patterning the gate electrode material by a 
second photomask P16 , anodio oxidation can be applied to the 
surfass thereof. In this case, a self-aligning process can be 
employed, whereby the contact hole of a source and drain can be 
formed closer to the gate, and the TFT characteristic can be 
rurtber improved thereby, due to the improved mobility as well as 
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tne reduction in threshold voltage. 

Thermal ana-aling proeess was again carried out at 600 "C, 
for 10 to 30 hours. By activating impurities, a source 10. * 
drain 12 of NTFT and a source ie. a drain £0 of PTFT war. 
manufactured as type and N + type. Channel forming regions 19, 
il are formed as semi-amorphous semiconductors, under gate 

electrodes 21, 9, 

in this way, C/TFT can be manufactured without elevating the 
temperature not less than tco *c in every process. 

Therefore, it is not nooessary to use an expensive material 
such as quartz for the substrate, and this is a most suitable 
process for manufacturing the wide-sereen liquid crystal display 
devioe in acoordance with the present invention. 

The thermal annealing prooess was carried out twice in this 
embodiment, » shown In Fig. 14 (A). CD). However, the annealing 
process shown in Fig. 14 (A) may be omitted dependent upon the 
desired characteristics, and the manufacturing time can be 
Shortened by replacing these two annealing processes with only 
one annealing prooess shown in Fig. 14(D). 

Referring to rig.HCZ). a silicon oxide film 65 was formed 
as an interlayer insulating film by sputtering as described 
eupra. The silicon oxide film can be formed by LPCVD, photo-CVD, 
or by atmospheric pressure CVD. The thickness thereof was. for 
example, 0.2 to 0. Sum. Thereafter, an opening 86 for electrode 
was formed using a photomask P17. Aluminum was then sputtered on 
the surface of the entire structure, as shown in rig.i4<?), and 
after a lead 71 as *ell as a contact 72 was manufactured using a 
photomask Plfi, an organic resin 63 for flattening, for example, a 
translucent pclyimide resin was applied to and formed on me 
surface thereof, and an opening for electrode was formed again by 

a photomasX Pi 8. 

Ar. ITO (indium tin oxide) was formad by sputtering. SO as tO 
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t rrt tva TFTB in a complementary structure, *nd to connect toe 
output terminal hereof to on picture e lament electrode of the 
liquid crystal d vice, as a transparent electrode. It wag then 
etched using a photo**.* 720. and an electrode 17 was formed 
thareby. The ITO was formed at a temperature ranging from room 
temperature to ISO *C and then annealed at 2co to 4C0'C in oxygen 
cr atmosphere. The electric characteristics of the TFT thereby . 
obtained were: mobility of 30<om 2 /Vsec) . vth of -5.9(V) for PTFT: 
and mobility cf iO{em a /vsec) . and Yth of fl.O(V) for NTFT. 

In this manner, one substrate for the liquid crystal device 
was manufactured. The arrangement of the electrode, etc., of the 
liquid crystal display devioe is shown in Tig. 13. NTFT 13- and 
PTFT 22 were provided on the intersection of a first signal line • 

3 and a second signal line 4. whereby the device has a matrix 
form using C/TFT . NTFT 13 la connected to the second signal line 

4 through the contact of the input terminal of a drain 10. wnile 
a gate 0 is connected to the signal line 3 forming a multi- 
layered wiring. The output terminal of a source 12 is connected 
to an electrode 17 of the picture element through a contact. 

On the other hand, regarding PTFT 82, the input terminal of 
g. drain 20 is connected to the second signal line 4 through a 
contact, while a gate 21 is connected to the signal line 3, and 
the output terminal of a source 16, to the picture element 
alectrode 17 through a contact, In the same manner as HTTT. This 
embodiment is formed by repeating such a structure horizontally 
and vertically. 

AS ITO( indium tin oxide) was then formed by sputtering on 
the soda-lime glass plate on which a silicon oxide film was 
formed by sputtering at a thickness of 2000A. Ths ITO was formed 
at a temperature ranging from room temperature to 150 *C. and was 
subjected to the. annealing process at 200 to 300 'C in oxygen or 
atmosphere. A celcr filter layer was then formed thereon in the 
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8MJe manner a, described in the Preferred Smbcdiment 1 to obtain 

A polyimid. P r cur. or was then printed on the substrates by 
„ offset method, and va, balced in a non-oxidation atmosphere, 
..g. in nitrogen, for an hour, at a temperature of 350 -c It 
.•as then subjected to a known rubbing method, so as to change the 
su-ace condition of the poiyimide, and a news to allow ror a 
liquid crystal molecule to be oriented in a certain direction at 
least in the initial stag© was provided. 

The nematic liquid crystal composition was sandwiched by the 
first ana the second aubstrates as described above, after fixing 
the periphery of the first and second substrates by an epoxy 
adhesive. Since the pitch of the leads on the substrate was as 
fine as 46um. connection was made by a COG method, in tnis 
embodiment, a gold bun* provided on an zc chip was connected, by 
an epoxy silver palladium, and the ZO chip and the substrata were 
buried and fixed by epoxy metamorphic acrylic resin for 
solidification and the sealing of th 5 se. A polarising pint, was 
then attached to the outside thereof, and a transmission type 
liquid crystal display device was obtained. 

The driving waveform . used in this embodiment is shown in 
Fig 15 in this embodiment, a ramp wave is used as shown in 
Fig 15. Formation of a ramp wave is easy and it is easy to 
convert original gradation data into £ x in J*. ra.-np wave. Tig. 16 
shows a view finder in accordance with this embodiment and a 
video camera utilizing the view fi=der. The video camera 

conprises the electro-optical device 370 manufactured in the 
manner described supra and a cold cathode tube. 371 having flat 

einlS5 when an analogue gradation display is carried out in a 
normal mode for the electro-optical device uprising, for 
example, 49.152 pairs of TFTs of 38. x laa dots formed into a 
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aonun square (which i« btain.d by dividing a substrat of 300 mm 
square into 38 pieces). the variati a in T7Ts characteristics is 
*10X as a vhol , and a gradation display Having 19 gradation 
levels is- thus an upper limit, whereas, when a digital gr dation 
display is carried out in accordant with the present invention, 
it i* hardly affected by the variation in TFTs character is t io. . 
ana" a gradation display having 128 gradation levels is thereby 
possible, while various and subtle expression of 2,097,153 kinds 
a; colors is achieved in a color display mod*. 

Preferred Embodiment. 3. 

In this embodiment, a projection type image display device 

as shown in Fig. ^ wi . 11 ba "plained. 

la tnis. embodiment, the image projecting part for tne 
projection type image display device was assembled by three 
alectro-optical devices 201. Bach of devices 201 has a 640 x 480 
dots, and 307,200 picture elements were manufactured in a 
f cur- inch diagonal: the size per one picture element was 127um 
square. 

As the structure of the projection type image display 
device, the electro-optical devices 201 were installed by 
dividing into three elementary colors of red. green, and blue, it 
comprises a red filter 202, a green filter 203, a blue 
filter 204, a reflecting plate 205, prism mirrors 206, 207, a 
metal balio-a light source 208 cf 150V, and an optical system 209 
tar focusing. 

The substrate o? the electro-optical device in accordance 
with this embodiment was the same as that manufactured in the 
manner described in tbe Preferred Embodiment 3, and has a matrix 
circuit of C/M0S structure. The liquid crystal material used in 
this embediment was of dispersion type or polymer dispersion 
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type. 

A ich mtic diagram is anown in Fig. 18, A mixturt 
comprising * fumaric acid polymer reein and a nematio liquid 
crystal at a ratio of 85 :35 nixed in a common solvent of xylene 
was formed on the substrate 210 at a thickness of lC^im by a dio- 
cast method. Than, the solvent was removed in nitrogen 
atmosphere at a temperature of 120 # C, for 180 minutes, and a 
liquid crystal dispersion layer 211 was formed thereby. Conduct 
time can be shortened by reducing -she pressure slightly lower 
than atmosphere. 

An ITO( indium tin oxide film) was formed by sputtering, so 
as to obtain a counter electrode SIS. Tho ITO was formed at a 
tomperatura ranging from room temperature to 130 *C. A 
translucent silicon resin was applied thereon at a thickness of 
3 Cum, by printing, and was baked for thirty minutes at 100 *C. so 
as to obtain the electro-optical device. 

The driving IC used in this embodiment Is shown in Jig. 19. 
The structure of the information electrode side is the same as 
described in the Preferred Embodiment l. In a driving circuit 400 
connected to the wirings 405, 407 on scanning side, the._ramp 
wave transmitted from a ramp wave ceoillating circuit 405 is 
controlled by flip flop circuits 403, 4C4 of a clock CLX 406, and 
a select signal is added thereto. 

A gradation display is possible by digitally controlling the 
timing for cutting the ramp wave on the side of a scanning line 
by a bipolar pulse on the side of an information line. 

Tor exainple, when a gradation display is performed in a 
normal analogue mode for the aloctro-optical device comprising 
307,200 pairs of T?Ts of fl*0 x 480 dots formed in 300ram square, 
19 gradation levels are an upper limit dua to the variation in 
TFT characteristics of approximately ±10X. In the case of digital 
gradation display in aooordance vith the present invention, 
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however. since ir i» nardly affected by the variation in 
characteristics of T7T device, a gradation display bavin* 256 

S radation is P ■■»"■. * T «- loua " d ' Ubtla 

of as many as 18.777, 216 kinds of colors is possible. 

The eieotro-optical device can be applied not only to a 
front type projection television as illustrated in rig. IT, but 
also to a rear type projection television. 

Preferred Embodiment, 4 

in this embodiment, an electro-optical device for portable 
computer was manufactured using a reflection type liquid crystal 
dispersion display device as shown in yig.20, and the explanation 
thereof will be herein made: 

The first substrate used in this embodiment was the same as 
that manufactured in the process in accordance with the Preferred 
Embodiment I. A nematic liquid crystal and a fumaric acid polymer 
resin mixed therein 16X of a fclack pigment at a ratio of 36 s 65 
were dissolved in a common solvent of xylene. The solution was 
applied on the eubatrata 210, at sl thickness of 10um, by a die- 
cast method. The solvent was then removed in nitrogen atmosphere 
ar 120 -c. for 180 minutes, and a liquid crystal dispersion layer 

211 nas formed thereby. 

as the black pigment is used therein, black color appears at 
th. time of light scattering or at the time of application of no 
electric field, while white color i. displayed in a transmission 
s-ate or a-, the tin* of application of electric field, whereby a 
flat display that was difficult fcr a di.per.lon type liquid 
crystal display i. poeeibl* like that of the letter written on a 
aheet of paper. 

An ITOCindium tin oxide film) was then formed by sputtering, 
BO as to obtain a counter electrode 212. The ITO was formed at a 
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teop rttura ranging frcm room temperature to 130 *C. a white- 
colored silicon resin was applied thereon at * thickness of 5Sp». 
by printing, and mi baked for ninety minutes at a temperature of 

100 'C, so as to obtain the electro-optical device. 

As a modification of this erobcdimenx, no black pigment was 
contained in the liquid crystal dispersion layer 211. In this 
casa, the rear surfioa has to bo made black. in this case, white 
color appears at the time of light scattering, while black color 
is displayed in a transmission state. A flat display was passible 
lilco that or tne letter written on a sheet of paper. 

Preferred Embodiment 5 

in this embodiment, an electro-optical device provided with 
modified transfer gate TFTs in complementary structure for ona 
picture element was manufactured by anodic oxidation technique, 
s.s shown in rig. 21. The manufacture of the TFT a in accordance 
with this embodiment is basically the same as that in accordance 
with the first preferred embodiment, and its processes prooeed 
almost in the same manner as shown in Tig. 7, however, since the 
anodio oxidation technique was employed as mentioned above, 
metallic material was used as a gate electrode material, so as to 
utilize the anodic oxidation mm thereof as a part of an 
insulating film. whereby manufacturing process was slightly 
changed. 

' Referring to Jiff. 21, FT7T 95 and NTFT 96 are conr.ooted to a 
common gate wiring 107 at gate terminals thereof, and one of 
source ana drain regions of the PTIT and cne of source and drain 
regions of the NTFT are connaoted together and connected to the 
other signal line 102. The other one of the source and drain 
regions of the NTFT are connected to a common picture element 
electrode 108. 
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Re-errins t Tigs. 22(A) to 22(G), a silicon oxide film a. a 
olocUng lay.r 98 was manufactured cn the glas. substrate ». at 
a thickness of 1000 to 30GOA. by «agn tr« » (high freauency) 
sputtering. The conditions f » th* Process are: 100* oxygen 
atrcosphere, fil» formation temperature of 15 output of 4C0 to 

B00W. and me pressure of O.SPa. Th. r 11. formation rate was 30 
to 100 A/min. using quartz or single crystalline silicon as a 

A silicon film 07 was formed thir.cn by LPCVD (low pressure 
chemical vapor deposition), sputtering, or by plasma CVD. 

Ref-rring to Pig. 22(A), the silicon fila was photo-etcbad 
using a first photomask Fll, and a rogien for PT*T was 
manufactured on the left hand side of -.he figure, as veil as that 
for NTTT on the right hand side thereof. 

A silicon oxide fii» as a gate insulatin 6 film 103 was 
formed thor.on at a thickness of 500 to 30OOA, e.g. at 700A. The 
n anu*acture thereof was carried cut under the same conditions 
employed for the silicon oxide film 99 as a blocking layer. 

Th* alley of aluminum and silicon was formed thereon as a 
material for a gate electrode lot. at a thicKnes, cf soooa to 
1 Sum, e.g. at ip», by a known sputtering nathod. 

As th* material for the gate electrode beside aluminum 
silicide, molybdenum CMC) » tungsten (W) , titan (Tl) . tantalum 
CTa). Chromium <cr) , or an alloy of these material or an alloy of 
silicon and th... material, or a multi-lay.r.d comprising a 

silicon layer and a Layer of those metal can be used. 

Further, a silicon oxide film was forced as an insulating 
106. at a thickness of 3000A to lya, or at 3000A in this 
embodiment, by sputtering, on the gate eleotrode material. Then, 
the insulating film 106 and th. gate electrode 107 vere 
subjected to a patterning process using a second photomask F22, 
and th. gate electrode 107 as veil as the insuiatln* film 106 
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were formed as shown In Fig. 22(B). 

Tbe substrate was then dipped in en acw electrolytic 
soluti n in which propyl ne glycol**** added to a 3* of tartari 
acid solution at a rati of 9:1, while the gat electrode Of 
aluminum ailicide vae connected to the anode of a power source, 
and dc power was applied thereto with platinum used ae a cathode. 
Each of the gate eloctrodee was connected to corresponding gate 
wiring, and all the gate wirings are connected by a terminal in 
the vicinity of an end part of the substrate and an anodic 
oxidation film ICC was forced in the vicinity of the side surface 
or the gate electrode by anodic oxidation, as snown In Tig. 23(C). 

As the solution used for the anodic oxidation, typically, a 
stron* acid solution such as sulfuric acid, nitric acid, 
phosphoric acid, or a mixed acid such as tartaric acid or citrio 
acid mixed with ethylene glycol or. propylene glycol, can be used. 
Salt or alkali solution may be mixed thereto, in order to adjust 
? h or the solution. required. 

The anodic oxidation was carried out as follows: after 
current was run at the current density of 3 . BmA/cm 2 in a constant 
cul . reB t mode, for thirty minutes , then Mvp minutes of process in 
e. constant voltage mode followed, so as to form an aluminum oxide 
film Of 2500A in the vicinity of the side surface of the gate 
electrode. When the insulating characteristic of the aluminum 
oxide was measured using * aaople manufactured under the same 
conditions employed for this oxidation process, resistivity was 
i0 9 ohm- meter, and dielectric strength was 2 x 10 B v/cm. 

The observation of the surface of the sample by a scanning 
electron microscope revealed unevenness on the surface in an 
approximately B000 magnifying power mode, however, no fine hole 
was observed, wnich means the evidence of a good insulating film. 

After an insulating film 103 on turn semiconductor was 
rencvad by etching as shown in Fig. 82(D), boron vae ion- implanted 
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at a doae of 1 to B * lO^csT* a. an iapurity ror rTTT. on th. 
entir. surface of tw substrate. The dopinr waa carried out at a 
concentration of apprcximat ly 10« at ma-cm" 3 , . a* to for* a 
source, drain ration of PTFT. in this abodiment, ion doping vaa 
carried out arter the insulating film on the eurface was removed, 
however, if the conditions for ion-implantation are changed, 
doping is possible through the instating film 103 on the 

semiconductor filia. 

A photoresist 110 was formed using a third photomask P23 as 
shown in Fig. 22(E), and after a P7JT region was covered 
therewith, phospnorus was ion- Implanted at a dose of 1 to 6 X 
10 13 «n- 2 , to the aouroe and drain ragion Tor NTFT, so as to 
obtain a dope concentration of approximately lo 20 atoraa • onT 3 . In 
the icn doping process aa described above, the ion- implanting 
direction was eet oblio.ua to the substrate, in order to allow for 
the impurity to penetrate into a portion of the semiconductor 
under the anodic oxidation film In the vicinity of the gate 
electrode, so as to make the end of the source and drain regions 
104, 105 almost identical with the end of the gate electrode. 
Sufficient insulating function is thereby expected for an anodic 
oxidation film 1O0 to an electrode wiring to be formed in a 
following process, and it Is. thus net necessary to form another 

Insulating film. 

Activation process was carried out by irradiating a laser 
bean to the source and drain regions . .. Since the activation 
process was carried out instantaneously, at the time, it is not 
necessary to consider the diffusion of the metallic material used 
for the gate electrode, ana TFT Of high reliability was 
manufactured. 

Aluminum was formed on the entire surface thereof by 
sputtering, and after an electrode lead 108 was obtained by 
patterning using a fourth mask P24, the semiconductor which does 
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act cvarlap with ar. electrode 102. an insulating film 106 on th 
gate eleetr d 3.07, and the anodic oxidation film 100 in tha 
vicinity of ma side surface of the gat lectrode 107 was etched 
off, and a complete device s paration was carried out SO as to 
complete TTT. la this manufacturing nethod, complementary TPTa 
were manufactured using four pieces cf masks, which is shown in 
Fig. 22(F) . 

Referring to Fig. 22(G), to achieve oo.uplemonta.ry TFTs, and 
to eonnaot the output terminal thereof to ors picture element 
electrode of the liquid crystal device as a transparent 
electrode, an 170 (indium tin oxide film) was formed by 
sputtering, and etched using a fifth photomask <g> bo as to 

form a pioture elamant olectroda 108. 

In this way, modified transfer gate TFTs having arrangement 
and structure as shown in Fig. 21(A), (B) , (c) f were completed. 
Jig.ZKB) is a cross sectional view corresponding to a F-F' crocs 
section shown in Fig. 21(A), while Fig. 21(C) is a cross sectional 
view corresponding to an Z-E* cross section shown in Fig. 21(A). 
AS clearly shown in Fig. 21(B), (C) , the intarlayor insulating 
film 10S invariably exists on the gate electrode 107, and it 
vorss sufficiently as an interlaysr insulating means at an - 
intersection cf the lead part of a gate wiring 107 and that of a 
source or drain wiring 102, whereby the generation of wiring 
capacity at the intersection was ahie tc toe suppressed. 

in this embodiment, complementary TFTs having structure in 
which the capacity in the vicinity- of wirings is less, and the 
fear of short-circuit in the vicinity of the gate insulating film 
is less could be formed using masks fewer . than those used in the 
first • preferred embodiment, without employing a higher-grade 
process technique euoh as an anisotropic etching to provide an 
active element substrate. 

The substrate formed in the manner described above was used 
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as a first substrate and a. second substrate (counter substrate) 
was formed by foraing a colter electrode on a substrate and 
further forming an orientation control film thereon. The first 
and second substrates were joined wits each other and an STN typ 
liquid crystal was injected between the first and seoond 
substrate by a known technique. An active nsatrix type STN liquid 
crystal electro-optical de-rice was then completed. 

The applications to the electro-optical Qsvice were 
dosaribed in the above examples, however, the present invention 
is not limited thereto and the application to other devices or to 
a three-dimensional integrated circuit device, and so on, is also 
possible. 

The manufacture or ttt device was possible ir. this 
embodiment, using masks much fewer than those used in the 
conventional rcothod. Sy applying the device of this structure to 
the manufacture of a semiconductor applianoe, as the number of 
mask was reduced, a manufacturing process was simplified and a 
production yield was improved, whereby a semiconductor 
applics-tion device was offerod at a more inexpensive 
manufacturing cost. 

in this embodiment, the anodic oxidation film was formed on 
the surface of the metal gate electrode by the anodic oxidation 
and a three-dimensional wiring haying a grade separation was 
provided therecn which was used for & gate electrode material, 
and which was provided on the surfaoe thereof. Also, by exposing 
the oontaot part alone of a source and drain from the gate 
electrode and the anodic oxidation film, a feeding point is made 
closer to the channel and thereby the deterioration in the 
frequency characteristic of the device, and the increase in ON 
resistance were prevented. 

In the case aluminum was used as a gate electrode meterial, 
as in this embodiment, H 2 in the gate oxidation rilm was reduced 
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into H by the catalytic errect or aluainum. at the time of 
annealing process durin* device foraation. and as interracial 
level density <Q„) vt« reduced much compared vita the case a 
silicon gate was used instead, and a device characteristic was 

thereby improved. 

Since source and drain regions of TFT vera self-aligned, and 
the contact part of the electrode fed to the source and drain 
regions was also positioned in a self-aligning manner, the area, 
of the device required for TFT was reduced, and ths circuit 
integration was improved thereby. When T?T was used as an active 
device of the electro-optical devise, the tperture ratio of 
liquid crystal panel was increased. 

The anodic oxidation film in the vicinity of the side 
s-irfaoo of the gate electrode was positively used, and Tr7 of 
characterized structure was offered thereby, and the manufacture 
of t?t eould be carried out using the fewest possible masks of at 

laa3t two pieces. 

The foregoing description or preferred embodiments has been 
presented ror purposes of illustration and description. It is 
not intended to be exhaustive or to Unit the invention to. _ the 
precise form described, and obviously many modifications and 
variations' are possible in light of the above teaching. The 
embodiments were chosen in order to explain most clearly the 
principles of the invention and its practical application thereby 
to enable others in the art to utilize most effectively the 
invention in various embodiments and with various modifications 
as are suited to the particular use contemplated. Examples of 
such modifications are as follows. 

The present invention can be applied to an electro-optical 
device having a circuit shown is Pi*-. S3. The cirouit is the same 
as that shown in rig. 4 except that a capacitor is provided on the 
suostrate and connected to each pixel in parallel with the liquid 
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crystal or tne corr«apoiwlln« , 

A « M tio crystal. a ch.l ,*.ric » 

t erro.t ctric H«uid cry.tal or an antl-farroeLctric li,uid 
crystal can b u..d f r a H«uld cry.tal lay r ,rovid.d b.t».B» a 

1 ^^^etLfli 1 dsTice of the present 
pair of substrates in an electro-option 

invention. 



